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1 

T^mmzw^t^^ tr -r mete J: o-caite 

tUz£~>X77?1tWfcThfmt . 

[ mat* 2 1 Btrie!M<*i 

BufETJlJ: Dffiv>x ??-y^»fltcJ^o8m*&iSR 

, mimmnTm^zum-th 
'om l ^m^x'im^tiumm2im^-nm. 20 

yf y/ • rn-fex£fflvr£ , fne^-vtr-fCOT^ 

^i-m^sicx -y *y y-timz . 
zhiz-smsmiimnijm. 

imm5] VlSSSHlxyi-yir- Tv-bXifimB* 30 
+ t'f -r Offte±Sr^«0ffl!lffi^ys--y i/<- is 3 yJI£ 
JfffltU IffE^-yi^-va ^«**«ne»2Xyf->^ 

ffliaox .y i-y^mtt zmm 4 iE«j«o*a. 

[ff#Jl6] «WE5&fi*W'tS**bT**#j£'*S 
UE^-t t'f < £ BuiEfMfr«£x -y f y??&m 

ituf E* -r h'-f -f o □ KBS?* 4^b'f-f «l: Wx 
•yf-y^TW*m**flW-4aBT*oT, mflEWxyf 40 
y/#Jtm#, suiEItx 7 f- y ^JWH Srx >y y ft 
h i. 0 S^(4i4KTIffi!ilitff>&xv f- y/ 
■t*^< £ 1 1 o«i7f yyftmmzi. sx-y f- y 

§ 4>k:^w^i i lem^^ffi. 

meitx ^y/ittfw, ntf^, n>ym±.iz 

J:^y^;H±t*ftS§iiSM'fk^y^;H*^^s 

^-7*4>»ffi;SiUiraja6iEtttf>m 50 
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Wx v*ytfffifWWM 9 o h n y&QI'f * 
y\tzn>; ^vmi^tsmmetim^m. 

[ m&h 9 3 »x 7 f yymtmmti- ?yx-bz 
nmsim^-m. 

[ mm 1 0 ] MlEfi«ftOHlf IE?hgUaDB^±Jo «t 
mi7yV<7)±.lz 1 «<^Wltttt»SrJtflW-SgBk . 
i^«r5^fc««'t6* s F*'i*iK:#S't&E»W* 
tfx -y f y /$irf fc»* i:C, HIE* tt'f^P 

Co 2 mmmz&iii mummmmmcou 

ft*x.*,*yy-tmm. 

ZWzis*; 

yf-timx'Ty ftfmmmzmixx v^yy^ 
tiz<7)m±?&<wz%ttx'b&m%m 1 Row**, 
i ts*3f 1 1 3 mgEtwrn lmx/m mma 

meMmmtf* rt'T-jncuzmi b*sw>v w 

gae* s a> t^tfit *^ i o ie»tf>2r8c. 

[ i 2 j ineitisffl^rA 4 mm. 1 

oieko^s. 

[fS^S 1 3 3 ME^JK* J T;U 5 x>7 A?ft 
1 2IEi!c0^ffi. 
[11^3114 3 ^*«t. 
BiilE^#*iicO±tes-tl>!Mft«-C*oT- flfflEI^ 

Hiria^mft«rt^miE±a5^ffl*»4>flrfiETa5^ai*T'tt 
-^Hzw^-t h mmftTy yx-h *> x . miEr 5 

[ If 1 5 3 !*f Ef^ttc7)ffifE±a5 j|ffl<9±£ftH 

[ 1 6 3 miry yn^zm^h miw&n 
mifi. miiryynm^tmiry^zmhmi 

Wfc*U^*iJ:0**k«*t*Ill«3Hl 5Btt 
[IS*« 1 7 3 miirymmmco-gZ teffiofc* 

yy 7t,ztt?&mm&comtfo<7)imc?>&-km<r)%z_ 

[ mm 1 8 3 miry ycouzmttt mimkcr> 
mcommm^ mi-ryycry^m^TX'hm 
m\ nmnmm®. 
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[000 1 ] 

mowtmt, zt>mL<ii. m^zwm 
^mMmy^yizmmitz. mmmizm?&<km 
77?commzm-?&. 

[0002] 

msifliKfi-^c mmztcDnzttwtmwifr 
t>&h . wrmz i ^j±cr>*mfam i 2 0 , -e^ 

ffM£*U>. iKfcRWMK 4#*9, W!Jm (interc 
onnect 1 ayer ) £ fcfctX * 5 4 XI 1 6 < . 

( ftflt®fttt , IMftl i: * 9 9 4 X* * XSKREttl 

osi-ifca^a*. icri4KW«>fcAfciiiiL36* 

$&v>. ) 

am 1 6iii«»<DS»5-f f*fctt*«i 8***. 

^oDMEtt. ¥$ttSl 2±^lr'AMxS:m2<0-e 

2 Ote. fSCftft 1 4 fcSlttWW:JGil/C#*U IS 
l rVM x £KiK5 4 y 1 8 \z%%mz\m$ I . EH 
54 > 1 8fc«tyX7X2 0(4. #m$OKU*m. - 

mmzmttzi* ^-ritz^mmnx-m^ti^ . 

[0003] ¥3gfcr^M X 1 2 left* Lfc 

14*1 . JH28Hrc, BW*K4JV^r9 

x*#j£-r*£ffiKfc. wrj (via)tnf{fass 

Kftfcx-y^yXfcJ: 9#flR-f SS3&|ig (ffSS 
131 (wetting layer) 2 1 *4K»-C. 

«u ?y72ommz>. ^5mx\ mmmz 

mmtommmoXoiz. x^x^hwhuicu 

hmnMmzL, ^trnz^w^y^ymmh. 
[0004] nmmMy-i m 

y4 ycO®&2 2<7)X.v+y?'xnX\ 7y?20<K- 
J: t>'H 2 B fcjj*?- J:3(C. Ty X(c£|i£ 24 
XlgOM^* { :ftXr*:i£ (02A#B3) , ifc 

una? 4 y«{ia* { x7 ?<n&mzft ix-ftitttb 
k. bir^ y<o-j-<o»a 2 2*«X7 7<nmmm 
mzT&^t%%frm%*)matM (H2b#m) 
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[0005] f-yXSfctttaaWcJoTS 
RfoWKj«S^6fe»tttt, H2At5tfJ:dfc. W&y 

-5. U>U aMEIKoay*-*:'^*****^ 

2£U>. LfctfoT, r-tfn Xj 0>ffitt 

[0006] E&x-y f-yXlgT'X.yf-yX^'X^X 
10 rt(^U«0*l«±'t6flaw)l*i£i:LT. X5^*JJ: 

~ftH£. ?y7K*h& Ox-yf-yXL&V^xyf-yX 
JPJT\ SK^IMBS'ftWfcx >y ^V^-fh z. b 

fiRfciO. ^yXxf-yc7)X9X*l : L<x.y^yX 
■t x-y^yX-ri»^t* 5 X'#l». 
20 [0007] L*>L. HJSarCBSB Wr*»li, ^< 
1 1 2mMX'^% U'hh . 1 o^Fffl^jSU, X9 X 

« ^ y XX r fc' ^>flfl «fc 0 v ^ ( m&ifi 

<r>X\ Tyy&XUJmy'f ynmuizwtL^ 

m\x-$)h. wmm%j5!&. 7y7t§m<v2mm 
%&mm<offi&mtf(mx'* t x- 

[0008] Tyytw&yi y*mut t , mwf 

30 fr$-VJ±%t'(D®--tf®X'ftmUzifr&. ffiHc7)X-y 

7-y7xnx'7y?izm(#&f&zti&c>zffi±-rm 

3lW)SrffiJi, r-fefo • -y r j W&y4 yt u o 

miwmz-r&z.tx'$>z. mmza, ?y7<r& 
xcommmzmmwtm^^mm muz -x-x- 

7*t) miWMyJyZfmtZZblzXr). 7y7 
t fx -y Try X-f I) £ t % < . H560)Jta>3ffiM$rx v 

f-^xi«a* fetts« 1 rnffiwmftizm&x' 
ZlXolztt. "BotX'hZK. znumco^mzti 

(4, (^-a* 77 7) "X"*««S!Blig»±« 

[0009] 

9X5:^tfmSlH]SS. &£VZcr>£o%7°y7t±.lZ<Z 

mhwmfazttm-ttmx'hh. *wm±. wm 
cox.yf-yX(c«t or9X^Pf*«§ixi.w*K± 

50 fc fcJ: oTfflRi-*. ±(CfiaK-*E 
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. [0 0 1 03 *»y»i, ±oi&s&£ J: 9in<fttw-s,r 

[00 11] r^fcBttfcT/USx^Afc 

zm-mffimx-m-tt *£t . *t«* rca i. . 

[00 123 

i . xm^wm 
yzfmtimiiTprt. 

[00133 *%womznm-imiz. way- 

3 A) T14, *»fMI^±t:»W*ll 4**»r*. 

-cfc» wthru^x ■ ^y*-?*&mixm&ix 
msmzmmt^mmmxh-ox^iiw >>vay- 

[0014] (H3 B ) X'lZ. ftttftl 1 4 SrS 

9 LT 1 2 4 Tff^-t h 1 oULLtfMf + t'f -f 

• 30?:W^ *^BJ"C'{4, Mtt'f^Oli, * 30 
tt'f^ ■ *??40^;b'Mr*t*T4<0P34<75Jt 
T^*^ tr^S^iS 3 2 £|ftl>. 3S814, -!f7 
b7?f^ 7*£4 TtttTr 4 -f 4 7i£tf> if*> feTtJBlS 

m. m&wmh^vi-yywmi. mztm 
tz>. ttjti rmzx&mMMx-te, sssma:^ 40 

+ tr 4 £x •/ * y rX'W&L Lfc»T\ S14 L< tt, £1 

x. %®mm?z>. 

[00 1 5] 8W3 (Rt<H3B(C*'t) T'tt, 
tt'f^3 0 £ »V^H«1 2 1 *«6SW- 

*»Sn*aWLtt7 , 5^2 0 OBW U 3 yjg i 2 1: 
teSrtS«0S:R6±-f4. BH®3tt, ffSHiRWC*4 

HR«(cl4ai«f^T**. R»3tt, MTx-m 
UWWiiit, BW2kRB*C. 4fc»ia»2*> 50 
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[00 1 6 3 BHB4 (03C) Mthr^30 
§^ttO±gEStffl3 8£&Jircig3J:d 

Of£, ^A-t'f< 3 0 *Wt)h&m£Ty-/2 Ofcfil 

0 ^SftftOtjSLfcflawffScoWffltffit: J: 0 . 
■f4 £ 4.^tf-(3 00)7 Z*? hJt* 5 iS 

[0017] m%5 (03 D ) Ttt, 

hm#£t:im&7'(yi8iimfti4(o±.&mffi3 

8fc«t J: 3 IC, 7??'2 0ct)P 3 4c0ffl*ff SfflBfl** 

£>&JS£i$£-t4. zomn. ffl&yjymffrtz 
tzwzm^mmztix^h&s^'vi-yymzx o . 

3BW4 4. 03DT\ t££n£tt<b*i4£ 

&yAy\ 8i4. 0ffiOE«6Offit#ll£:'>fi£fMI 

-T4. 

[00 183 2. df+ff-^fiBH^gee 
ftffi$ffi?)77/tf«T-(i, *W5i*>BW5 (03 

d> twiBtsfbRx^f-y^gier. x..>i-yym 
l,zt$tt&')?%<bij2^?>^]EV&$<7)m(Dt:tb, r?/ 
2 0t (02C^-fJ;d^) 21*2 4 

«ccff±s<i-f(c. ?77<n&zm.-$hiimAy\ 

8<r)®Uifi. 7°7^OP34<7)01 t fc9$^i|I4Tx-yf- 

Kb^v+yfffl&X'l'i'AVXWrtih&BMie 
(VBKZmfct&vx?) W£2 (03 b) x-y'7 

[00 1 93 £&x y f^gHWi: 3 Lfc2Wt<3& 
IfttRjh-ttfcftt, ♦JKH'Ctt, ^A-t'f -f 3 0<7)± 
»4fett U-y^j gP4 0(C, t^Wtt'f^ 
S^ J rt'-r>fC?)P3 4<7)f <T^gP^. 

1 t&mB»7 4 y 1 8**K0Ufcja±t=x •y^-y^§ 

flLT-fftTk, A*7 , 5^2 0*«Xvf-v^S<xSo 

^Rfijii-ri.. flr^wcti. ian5'fyi8<7)M(ii^Hi 
a52 2trt0>&m3 2mi&thfflMX oiwucftn 

[00201 jgftWlCtt, A a ££ 1 8^ 

iifjx -yf-y^fe J: t/75/ ■ T^^t«tSiSttv^ 

waeisisi52 2nm-j>ftcr>&w.cr>m£tzmm£za. 
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(*-A7 77) SMmitf, u*?^ 

OSMlLtt. * + t'f 4 OlBgifcttWDS: 2 X*ffti@ 
iftCfcfc** (HI, 03 B, fcJ:tfBl3D#!f&) . 

[0021] mmiAW. mm 2(omm -wtm 

ttKfcgWr, %&<7)fflN (To-teXKPg2Tl&g$tl 
& ) to£Xfffl&<r)m&& 0 X ( rn-t^m 5 TfSM 10 
Sill) ) it, Z.Kb<r)mW&<m&2 2(nWfifa<rfiL 
■^fcfc»J1ffi$:*«KSfc A k^U^-£*i£i@*. 5 J; -5 

[ o o 2 2 } s^8ui> t . r77<7)£mmmm± 

<2\ £MMm* mm h . 0 X #4£n<0E« 

[0023] 03 DfcjRtWTtt, 7*9/2 0<3<I£fc 20 
tilttSttO. 3$7nyt*^ 5S83 2W«W(iO. 
05S;oy (500^-y^ho-A) &tf>"C\ 7*5 

y 1 8 <0<iS<mfrfoO£»failA# o . 05S^oy 
fcfi&it-)-*. 

[0 0 24] ^3 2<9MIW{±, 200ffl*f-fl># 30 
(gw#*#-frs k , ^f^fcr OP 3 4#/Jv& < SrD 

-r rc , r»4 w^ewiasBT, * * t r-r * 3 0 z& 

axt/mnm. ^^mzx^m±izmtxotthr 
yf&zifsmyj ymmzx^xmK&t^mzti 

[00 25] 3 . r5^fcJ:tfi«^fcA<08tWfl<0 
*ff»8c 

*ffi<0g»S4 (03 C) (i. ^A-t'f-f BOMBS' 
a«>, BWf*tf>±a«iH 3 8 £ AITCS 3 J 3 fc , £JR 50 
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[0026] SPg4 (04C) li. 2«€:»filW*C:i: 
t'f 4 3 0 (c***««>4 ioC, 

(4fctt*«ofi!i«7«wtttm) £*«*ss!*<offi§:*> 
gm<7)ffi±te\^*dm&t l z%&. mz. rx^bit 

#£<AT\ SRT4 (03C) tmcaUc. 3ffi«0^ 

[ 0 0 2 7 ] m 1 ft^W^r^'J -OJ6SR6T»i. 
*^ a- t 'r < 3 0 rt *} J: VIM* 1 4 ^)±g|5affl 3 8 C 

[00 2 83 gW4 (H3C) (C3lLfcJB2fW«*^ 

cr>miz±t)$.«7)<&mi)Wmtz>. rx^hitm 

H • Xy^v^itSS (colli mated sputter 
deposition ) . A XyfcX/ly ?tm&. HXXf&iR 

ffifflLT^^t'-r-f SSftfcl*. «3|«otWrtt r 7^y 

[ 0 0 2 9 ] til Ucll 3 ft»W* r 3' 'J 
SWt H3C7p-r«R»4fcftbo'C, 04 

R»CVD)m. Slt» (04 A) T14, Pt 

si 2 1 am±«ttft*attmfcK'* l . 1 4 

wfffiiwJHtiWK-t*. fl!*<oa«?«cvDi6Sffl 
^Tdf-vb*-r-(«rSA4. Lfc#ot. mi-f7'S|!gT' 
l^tt'f^ 3 0rt^JR^ttSL, *tLlz£nX7y 
72 0 iffitf&tlh if. mmft 1 4 0±g|iSffl 3 8 Kti 
4I6W*LTJMIU41\ *2-9-7*R« (04 B) t 
tt, r7*?y^-yhj JMKSfciO. ±95 

HB3 8±(C^ia« 1 6**J6flW-« . 
[0030] mM8Wm3 (±IS riS«7)«B! j <o 

M2 it{±^c<. *m&mi 2±.mmMm>m% 
■th. ®« %*mft*?mmt<ntMzmm tn , a* 

5raiS!WCVDJfe**tt4)ixrv^. 

[ o o 3 1 ] 4 . t'f a mmommoftmm 
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#i££>KI?g2 (03B) 14, *<0P3 4jM*II*]*<9S8B 
3 2£qrr6*+t*T*<0f»8^'C**. fcte. ±12 

[0 0 32] 05<4, S8e3 2£»Jft**l-30>;fri6£ 

wi, aw i 14^2 m&mt* . t* 4 6 

!4Jt««*vu:vf-y^GME^#L. ±14 8liJt«« 
ffiv^x>yf-y^3lSS-^-ri>. f^+tb'f^ 3 0 
5- x 7 f - y S gpg 2 T'I4 . ±M<0i& v ^x f - y 
gOfciAK . ±Jf OSv ^x ■■/ f - y^jgiiTl J: *)W5 

[0033] x-x^V^jf^Sr^Efrri) lotf>*SrSK4. 

BK, ±«4 80X7^y^M£aMWffi< 3:64 5 

S4 6J;D^* { K<=5rl»J;ot, gfr&Tn-fe* • a- 
5X-?*m^X 210)94 6. 4 8&m?&ZbX' 

<%ahtix^&mmfocvDrn-tx ■ ^y^-^tt 
x. rfikk *b«see&, JWmftW^E, 

[0034] 06(4, 3§g3 2£3Ttl>^t7M 30 

Xli. mmw 1 4 £gpg l TJH-tfjiWMrJMIi: txm 
m-& (03A) # s ^<KP§2<7)x-y^-y^ (03 

b ) 2 my-7m$tejmxmm-?& . H6Atsrr 
•v t rf -f 3 o (7)®]!^ \° .y y v- 3 vm amt & «r 

ttx-yf-y/fttttfflUTs ^ J rbT-f<7)P3 4^1-<' 
WA-tT^ 3 0O*±»ifcl4 r*y?j gP4 0£ 
x^f-y^-fa. H6Bfc**»2?:/BH(r'Ctt, JHR 
BWWrttx >y f - y ^T'J> 0 . {RUttc \- -y y ^- y 3 y « 
*atA,at fdi£ < mm l& \ «w 7 * 

Mtttau^^-yy^-y 3 yitt. «2rifiw)xv*y 
^fcRfcih LWt, **Uc J: -> TEfrM^iS 3 2 
ft*. 

[00 35] 8»2££ff1-*, -t^hibm3 2^ 

??T4 ymxh o . * + t*f * 3 0 nmswx. -y ^-y 
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[ 0 0 3 6 ] 11 7 a t*t» 1 -rymx'te , t^^x 

wUT- ^tt'f^ 3-o^x.yf-y/^*. 

[ 0 0 3 7 ] 137 B£iStfS$2tf7TBRT'li. ^^t'f 
□ 3 4col-<T<oaMi-) oHStc. iSfx-yf-y^J^ 

(etchant-resistant material) (Ofl^S^^ti^jgS 
25r«t«-ri>. 

10 [0038] fl»Ji43tt4S8B3 2 1 Lttta-TSW^ 

Sr rjsx.y^-y^ij timtms. *<r>9wm5 
x\ mm i ecomzmzixMim-i > 1 s*»« 
•r s i: # fcttffl-r * x -y j-yymiztt i . -e wtm*w 

tl.x>yf-y^HctS#L, 4fex.y^y^JJ4. 
4-c«8W-6^«^iiatffi#t4. g©4-C' 

JS3R*Wxyf-y^JTX7f-y^6i:ffiiS^-S. i 
co«^, a^^riWx vj~y?Mtmt IX. 
20 y, **y«<o±K*«Lfcg€*?y/f, ^y^;k 
M-fb^y^/i^. ^3t{4^y^;n^±tmmt^^b^ 

[00393 #<<oxA-.y^(4 > «s^ita-ri»t# 

6ii[fi]* { *.?.^-C\ xyt-y^(4. dfrt'r^ -^-y^4 

o oiasfcsse 3 2 £ ttsft «, otcis s . 

L<^< , XA-.y ^ u y^(43j--A'Ay^SrS/MStc 
W«"t*J:afc:|iaH'8iift..U*»U, *^T1±, ^Jffli 
30 Sfi^fico^-A'Ay^, geB3 2t»*"f*«)tcf5k 

[0040] *»s^)»3«i:iitt0rrtt, 5!S3 2*5 i 

tc4 0, gPa b 2 (SSB3 20»«) fc4t/M3 (KM 
12 1<D«IW) ^-TD-bXgpgttT^ff^^t 
*«Tlfitc=fir 0 . ro*^ga8^J^SLH-4^-C*W 

[004 1 ] y'Jnyasti 2±(CT;PSx^co7*7 

40 ^ig 3 2 « 4i>'^s 2 1 wpBsrfcjMM-* fc«xcJtsft 
Bftf-^ytt. J^c7)ao, r;P5x^AS:x-yf-y^ 
l.x.y^y^CJ£*n:tt* s fe&0-C\ §§S3 2 SJgiSti 

[004 2]gP a b 2 (SSB3 2W»JS) «J:tfH»3 

(KM2 1 Lxmrn^z t 

50 a, ii^e§c7)i^MJi2 1 tmmzmwjmzngm 
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izm&zti*%mmmmcoittfmt$yz 9 , m 

3HJ»r«^SSB3 2 P$S2 1 

+ 1 'f ^ «»fc*t A- t'f -f • * y ? cO*«jgJg**iS 

[0043] X^-y ?it»"C«. «t»£*ll>*m#. ft 
S&ftEEO^frffi (distribution of trajectory angles ) 

[0044] macoa o . *i6H3^jg 3 2 ts xvmm 
2iiz%m%mm. mn-fyx'hh. **tT4<o 

ecr (ftW-f^ohnyWWBi) r^xvasrtt 
mztii,. mz. tm&Tjxvmz&mLMxytt. 

[004 5] *v\z'f- 4 ?t5£V : &mzt3V&t& 

mmgrncotm. ■ *y 

wvs>mx'\t. M*j*v*m*s Jivmmft-th 
imizmut&noDcsu rxms^mm ( turn 

t*# & o Ltztf~> x. *a TxnE.<nwmi. %&<vm 
tmm<Qmz<7)itm£%m?2>i^<vi}mx'b&. m« 

'J yX<o*§£ i 0 . ec fm tfyftxn -y ? y yx<?xfr 
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1. Title of Invention 



FABRICATING PLUG AND NEAR- ZERO OVERLAP 
INTERCONNECT LINE 
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2. Claims 

L A method of fabricating on a semiconductor workpiece £ vertically-extending, electrically 
conductive plug, comprising tiie seeps of: 

depositing on The. workpiecs a die lectric layer having an out erjurface; 

creating in the die lectric layer a cavity bou nded by a cavity side wall w hich extends 
vertically downward from a cavity mouth at the outer surface of the dielectric, wherein the side wall 
includes an inwardly-extending lateral protrusion near :he cavity mouth; and 

depositin ^lectricaUy condu ctive mat erial ro fill the cavity, thereby forming a plug. 

2. A method according co claim 1, wherein the step c: depositing tr.c dielectric layer further 
comprises the steps of: 

depositing a lower layer of dielectric; and 

depositing an upper layer of dielectric having a Lower etch rate than the lower layer, the 
upper layer being deposited over the lower layer. 

3. A method according :o claim 2. wherein the lower layer of dielectric is deposited with a lower 
density than the upper layer of dielectric. 

4. A method according :o claim i ; wherein the step of crea:ing the cavity further comprises the steps 
of: 

etching in the dielectric layer an upper portion of the cavity using a first, anisotropic etch 
process which e-.ches the bottom surface of said upper portion faster thar. the sice surface of the 
upper portion; and then 

etching in the dielectric layer a lower portion of :hc cavity using a second etch process which 
is more isotropic than the first etch process. 

5. A method according to claim 4, wherein the first etch process deposits a passivation layer on the 
side surface of the upper portion of the cavity, and wherein the passivation layer impedes etching of 
the side surface of the upper portion of the cavity during :he second erch process. 

6. A method according coclaim 1. wherein chescep of creating said cavity having a protrusion 
further comprises the steps of: 

etching :he cavity in the dielectric layer; and 

depositing an e:c ham- resistant iaa:eual on the wr.ll of the cavity adjacent -he cavity mouth. 
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the etchant-resistant material being resistant to etching by at least one ctchant substance which 
etches said electrically conductive material substantially faster than ketches the etchant resistant 
material. 

7. A method according to claim 6, wherein the electrically conductive material is aluminum and the 
etch ant-resistant material is selected from the group consisting of titanium nitride, a titanium nitride 
layer deposited over a titanium layer, tantalum, tantalum nitride, and a tantalum nitride layer 
deposited over a tantalum layer. 

8. A method according to claim 6, wherein the step of depositing the etchant-resistant materiaJ 
comprises electron cyclotron resonance ionized sputter deposition of the etchant-resistant material. 

9. A method according to claim S, wherein the etchant-resistant material is titanium nitride. 

10. A method according to claim 1, further comprising the steps of: 

depositing a layer of electrically conductive material onto the outer surface of the dielectric 
and onto the plug; and 

etching a portion of the conductive layer on two opposing sides of the cavity mouth so as to 
leave un-etched a horizontally-extending interconnect conductor connecting to the metal plug; 

wherein the inward extension of the protrusion is sufficient to prevent the step of etching the 
conductive layer from also etching the plug beyond the protrusion. 

1 1. A method according to claim 10, wherein: 

the interconnect is laterally bounded by first and second lateral edges; and 

the creating step further includes creating the protrusion with a lateral width greater than or 

equal to the maximum likely cumulative enor in the position of either of the interconnect edges 

relative to the cavity mouth. 

12. A method according to claim 10. wherein the electrically conductive material is metal. 

13. A method according to claim 12, wherein the metal is aluminum. 

14. A semiconductor integrated circuit, comprising; 

a semiconductor layer; 

a dielectric layer overlying the scmicoaductor layer, the dielectric layer having opposite 
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upper and lower surfaces, the lower surface being adjacent the semiconductor layer ; 

an electrically conductive plug axially extending through the dielectric layer from the upper 
surface to the lower surface, wherein the plug has a width which varies along its axial length, said 
width being smallest at an axial position near the upper surface. 

15. An integrated circuit according to claim 14, further comprising an electrically conductive 
interconnect which overlies the upper surface of the dielectric and which overlies and electrically 
contacts the plug. 

1 6. An integrated circuit according to claim 15, wherein the portion of the interconnect overlying the 
plug has a width greater than or equal to the sum of the smallest width of the plug and the maximum 
likely cumulative error in the lateral position of the interconnect relative to the plug. 

17. An integrated circuit according to claim 15, wherein the difference between the maximum width 
and the minimum width of the plug at different points along the axial length of the plug is greater 
than or equal to the maximum likely cumulative error in the lateral position of the interconnect 
relative to the plug. 

18. An integrated circuit according to claim 17, wherein the portion of the interconnect overlying the 
plug has a width not substantially greater than the maximum width of the plug. 
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3. Detailed Description of Invention 

FIELD OF THE INVENTION 

The invention relates generally to methods of fabricating semiconductor integrated circuits, and, 
more specifically, to methods of fabricating a vertically-extending metal plug connected to a 
horizontally-extending metal interconnect line. 

BACKGROUND OF THE INVENTION 

Referring to Figure 1, a semiconductor integrated circuit generally has a structure consisting 
of a substrate on which a number of layers are fabricated. Lowermost are one or more 
semiconductor layers 12 in which a plurality of semiconductor devices and other electronic devices 
are fabricated. Next is a dielectric Layer 14, followed by an interconnect layer or metallization layer 
16. (Integrated circuits often include a number of alternating dielectric and metallization layers, but 
only one is shown here for sake of illustration.) 

The interconnect layer 16 includes a plurality of interconnect lines or conductor lines 18 
whose function is to electrically connect a first device on the semiconductor layer 12 to a second 
such device, A plug 20 extends vertically through the dielectric layer 14 to electrically connect the 
first device to the interconnect line 18. The interconnect lines 18 and plugs 20 are fabricated of a 
material having high electrical conductivity, typically metal or doped semiconductor material. 

After the semiconductor devices are fabricated in the semiconductor layer 12, the remaining 
layers typically are fabricated by the following steps. First, a layer of dielectric 14 is deposited to 
cover the entire surface of the semiconductor layer 12. Second, a vertical hole called a "via" is 
etched in the dielectric at each location where a plug is to be created. Third (optional), an extremely 
thin barrier layer and/or wetting layer 21 is deposited in each via. Fourth, a metal or other 
conductive material is deposited to fill each via to form the plugs 20. Fifth, a blanket layer of metal 
or other conductive material is deposited over die substrate. The fourth and fifth steps may be 
performed as a single deposidon step. Sixth, resist material is deposited and patterned over the 
blanket conductive layer so as to cover the areas of the conductive material which hiq to become the 
interconnect lines. Finally, the blanket conductive layer is etched to remove the conductive material 
from all surfaces not covered by resist, thereby creating the interconnect lines. 

A problem with conventional processes for forming an interconnect line is that the process of 
stching the edge 22 of the interconnect line can undesirably etch part of the plug 20, creating a void 
24 in the plug as shown in Figures 2A and 2B\ Such voids can be created when the etching process 
is continued too long (see Figure 2A), or when the interconnect line is misaligned relative to the plug 
so mat one edge 22 of the interconnect line is too close to, or fails co overlap, the adjacent edge of 
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the plug (see Figure 2B). 

The risk of creating voids caused by over-etching or misalignment is highest if the 
interconnect line is no wider than the plug, i.e., a "2ero overlap" interconnect, as shown in Figure 
2A. However, u zero overlap" interconnect lines are desirable to maximize the density of 
components on an integrated circuit- Therefore, methods have been developed to prevent voids in 
plugs beneath "zero overlap" interconnects. 

One conventional method of preventing the interconnect etch process from etching into the 
plug is to fabricate the plug and interconnect lines of different materials. The edge of the 
interconnect then can be chemically etched using anetchant which does not significantly etch the 
plug material. Specifically, plugs and interconnect lines conventionally arc fabricated of tungsten 
and aluminum, respectively. Chlorine is much more reactive with aluminum than with tungsten. 
Therefore, the edges of the aluminum interconnects can be elehed with chlorine without significantly 
etching the tungsten plugs. 

However, the method described in the preceding paragraph is disadvantageous in at least two 
respects. One disadvantage is that it precludes using the best conductor material for both the plugs 
and the interconnects. Specifically, aluminum is the preferred material for both the plugs and the 
interconnect lines because aluminum has a higher conductivity (lower resistivity) than other 
materials conventionally used for fabricating plugs, such as tungsten. Another disadvantage is that 
the contact between two different plug and interconnect materials can be unreliable. 

When both the plugs and the interconnect lines are fabricated of the same material, such as 
aluminum, a conventional method of preventing the interconnect etch process from creating a void 
in the plug is to compromise the goal of "zero overlap" interconnect lines. Specifically, the 
interconnect lines are fabricated with extra width (labelled as "X" in Figure L ) overlapping the 
dielectric on all sides of the plug, so that a certain amount of excessive etch time or misalignment 
between the interconnects and the plugs can be tolerated without etching into the plug. Of course, a 
disadvantage of this method is that the overlap "X" wastes space on the integrated circuit, thereby 
reducing the number of semiconductor devices which can be fabricated on an integrated circuit 
having a given surface area. 

SUMMARY OF THE INVENTION 

The invention is an integrated circuit including an electrically conductive plug having a 
narrow neck, and a method of fabricating such plug and an overlying interconnect conductor. The 
invention prevents the etching of the interconnect from creating a void in the plug. The plug is 
fabricated by creating in the dielectric layer a cavity or via having an inwardly-extending lateral 
protrusion near the mouth of the cavity. The overlying interconnect is created by depositing a layer 
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of conductive material and then etching the layer on two opposing sides of the plug. During etchin* 
of the layer, the protrusion advantageously prevents any etching of the metal plug beyond the " 
protrusion, thereby preventing the etching from creating voids in the plug. 

The invention permits the overlying interconnect to be fabricated more narrowly i e with 
less overlap over the dielectric surrounding the plug, thereby improving the density of die integrated 
circuit. * 



The invention is particularly advantageous when the plug and interconnect are fabricated of 
the same conductive material, such as aluminum. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODLMENTS 
1. Process Overview 

Figure 3 illustrates the steps of fabricating a plug and overlying conductor or interconnect 
line according to our invention. 

Before performing the steps of the invention, it is assumed that a number of semiconductor 
devices have been fabricated in a semiconductor layer 12 on a workpiece such as a silicon wafer 
Step 1 of the invention (Figure 3 A) is depositing a dielectric layer 14 over the semiconductor layer 
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Any conventional dielectric deposition process is suitable for performing this step. The dielectric 
layer 14 can be a single layer deposited in a single step, or multiple layers deposited in successive 
steps using different deposition process parameters. The currently preferred dielectric material for 
deposition on a silicon wafer is silicon dioxide. 

Step 2 (Figure 3B) is creating one or more cavities 30 which extend through the dielectric 
layer 14 to the semiconductor layer 12. In our invention, each cavity 30 includes a protrusion 32 in 
the cavity neck 40, i.e., in the cavity side wall jusl below the cavity mouth 34. The protrusion may 
be created subtractivciy or additivcly. In a subtractive embodiment of the invention, the cavity is 
etched by a process that etches more dielectric material from the base of the cavity than from the top, 
so that un-etched dielectric material just below the mouth of the cavity constitutes the protrusion. 
Etching methods for creating the protrusion will be described below. In an additive embodiment, the 
cavity is etched without a protrusion, and then the protrusion is deposited, preferably using ihe ECR 
ionized sputter deposition process described below. 

Step 3 (also shown in Figure 3B) is depositing a very thin barrier layer 21 on the bottom of 
each cavity 30. As in conventional plug fabrication processes, the harrier layer inhibits diffusion 
into the silicon layer 12 of atoms of the subsequently deposited conductive plug 20. Step 3 is 
optional, but typically preferred. Step 3 can be performed concurrent with, or subsequent to, Step 2, 
as will be described in more detail below. 

Step 4 (Figure 3C) is depositing metal or other conductive material so as co fill each cavity 
30 with the metal and cover the dielectric top surface 38 with the metal. After this step, the metal 
filling each cavity 30 constitutes a plug 20, and the metal covering the dielectric constitutes an 
interconnect layer 16. The currently preferred metal material is aluminum because of its high 
electrical conductivity. The metal can be deposited by any conventional deposition process suitable 
for filling the cavity 30 without creating a void. Preventing voids is especially critical if the cavity 
30 has a high aspect ratio (i.e., high ratio of depth to width). 

Step 5 (Figure 3D) is removing metal from opposing sides 42 of the mouth 34 of the plug 20 
so as to leave a horizontally extending conductor or interconnect line 18 on the top surface 38 of the 
dielectric 14. This step can be performed by any etch process conventionally used for creating 
interconnect lines. In Figure 3D, the resulting interconnect line 18 extends perpendicular to the 
plane of the drawing sheet. 

2. Protrusion in Cavity Wall 

In prior an plug fabrication processes, the final etch step corresponding to our Step 5 (Figure 
3D) can produce a void 24 in the plug 20 (as shown in Figure 2) due lo any of at least two sources of 
inaccuracy in the etch step. One potential inaccurpxy is that the etch process is not terminated soon 
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enough, so that the edges of the interconnect line 18 overlying the plug are etched to a width less 
than the width of the mouth 34 of the plug. Another potential inaccuracy is that the photo- 
Lithography mask that defines the location of the interconnect line (i.e., the mask that defines the 
portion of the metal layer 16 which will be covered by resist during the etch step) can be laterally 
misaligned relative to the mask used in Step 2 (Figure 3B) to Locate the plug cavity 30. Such 
misalignment is illustrated in Figure 2. 

To prevent the final etch step from producing such voids, in our invention the inwardly- 
extending lateral protrusion 32 ia the top or "neck" portion 40 of the cavity 30 — i.e„ in the side 
wall of the cavity just below the cavity mouth 34 — prevents the metal plug 20 from being etched 
even if the metal interconnect line 18 is etched more than Intended and even if the interconnect line 
is misaligned relative to the plug. Specifically, a void will not be created in the plug if both outer 
edges 22 of the interconnect line 18 are outside the corresponding inner edges of the underlying 
protrusions 32. 

In quantitative terms, suppose we define a quantity A as the cumulative orcotal error in the 
lateral position of one interconnect edge 22 relative to the cavity mouth 34, due to such factors as 
excessive etching of the interconnect 18 and misalignmenl of the interconnect mask relative to the 
plug mask, as just discussed. Additionally, define X as the nominal overlap of the edge 22 of the 
interconnect line beyond the width of the plug 20, where "nominal" means the amount of overlap 
when errors due to manufac Luring tolerances are zero. In other words, the lateral width L of the 
interconnect line exceeds the diameter or width D of the cavity by 2X. (Sec Figures I, 3B, and 3D.) 

A void will not be created if the cumulative error A is less than the sum of the lateral width 
of the protrusion 32 and the nominal overlap X of the interconnect line. Therefore, in choosing 
the parameters of the previously described fabrication process, the width W of the protrusion 
(established in process Step 2) and the nominal overlap X of the interconnect (established in process 
Step 5) preferably should be chosen so that their sum equals or exceeds the maximum likely 
cumulative error A in the lateral position of the interconnect edge 22. 

In other words, the overlap X of the interconnect required to prevent formation of a void in 
the plug is reduced by the width W of the protrusion in the cavity side wall. If the protrusion width 
W equals or exceeds the likely cumulative error A in the lateral position of the interconnect edge, 
then the interconnect can be fabricated with zero overlap X while still avoiding the formation of 
voids. 

In the example shown in Figure 3D. the width or diameter of the plug 20 is 0.3 micron, and 
the width W of the protrusion 32 is 0.05 micron (500 A), so that the narrowest poition of the plug 
(i.e., the portion surrounded by the prorrusion) has a width or diameter of 0.2 micron. If the 
interconnect line has zero overlap X — i.e., if the width of the interconnect line equals the 0.3 



11/10/04, EAST Version: 2.0.1.4 



(19) 



ftm¥ 10-214897 



SS#-g- : P 9 7 AVI- 15 7 (10/16) 

micron maximum width D of the plug — the procrusion will prevent the formation of a void in the 
plug 20 so long as the cumulative lateral error A in the position of the interconnect line 18 is less 
than 0.05 micron. 

The optimum width W of the protrusion 32 is a balance between two opposing 
considerations. As just explained, increasing the width VV reduces the risk of creating voids during 
the etching of the interconnect lines 18 in Step 5. However, if the width W is coo great, the mouth 
34 of the cavity will become so small that it will be hard to completely fill the cavity 30 with metal 
in Step 4, the metal deposition step. If a portion of the cavity is not filled with metal, the likely- 
result is a void inside the cavity. Therefore, the optimum value of the width W is a balance between 
preventing voids during the etching of Step 5 and preventing voids during the deposition of Step 4. 
This optimum value can be determined empirically. It is expected to depend on the etch and 
deposition processes being used and the dimensions of the plugs and interconnects being fabricated 
on the workpiece. 

3. Methods of Depositing Conductive Material for Plug and Interconnect 

The "Process Overview" section of this patent specification described a five step process for 
fabricating a plug and interconnect according to the present invention. Stsp 4 of that process (Figure 
3C) is depositing metal or other conductive material so as to fill each cavity 30 with the metal and 
cover the dielectric top surface 33 with the metal. Upon completion of Step 4, the metal filling each 
cavity 30 constitutes a plug 20, and the metal covering the dielectric constitutes an interconnect layer 
1 6. The currently preferred metal material is aluminum because of its high electrical conductivity. 

Step 4 (Figure 3C) can be any conventional process for depositing the preferred metal (or 
other electrically conductive material) so as to fill the cavity 30 with the metal without creating a 
void. Preventing voids is more challenging if the cavity 30 has a high aspect ratio (i.e., high ratio of 
depth to width). We now will describe three alternative metal deposition processes which are 
especially suitable for Step 4 (Figure 3C) because they can fill high aspect ratio cavities without 
creating voids. 

In the Erst alternative category of deposition process ; the metal is deposited Lsotropically in 
the cavity 30 as well as on the top surface 38 of the dielectric 14, but process condi tions promote 
migration of deposited metal into the cavity from adjacent areas of the dielectric top surface. Such 
processes include high pressure sputter deposition and sputter deposition with rcflow. 

In the second alternative category of metal deposition process suitable for Step 4 (Figure 3C), 
the metal deposition is highly directional (i.e., anisotropic), so mat more metal deposits on horizontal 
surfaces than vertical surfaces. Conventional anisotropic metal deposition processes suitable for 
filling high aspect ratio holes include coliimatec sputter deposition, ionized sputter deposition, and 
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selective chemical vapor deposition. Preferably, after the cavity is filled using an anisotropic 
deposition process, a conventional isotropic "blanket" deposition process can be used to deposit 
additional metal on the metal layer 16. 

The third alternative category of metal deposition process suitable for Step 4 is a selective 
chemical vapor deposition (selective CVD) process having two sub-steps, shown in Figure 4, which 
replace the single Step 4 shown in Figure 3C. In the first sub-step (Figure 4A), the cavity is filled 
using a conventional selective CVD process which selectively favors deposition on the material of 
the barrier layer 21 and disfavors deposition on the material of the dielectric 14, Consequently, the 
first sub-step deposits metal in the cavity 30, thereby creating the plug 20, but does not deposit 
appreciable metal on the upper surface 38 of the dielectric 14. In the second sub-step (Figure 4B), 
the metal layer 16 is deposited on the upper surface 38 by a conventional isotropic "blanket" 
deposition process. 

If the optional Step 3 (see "Process Overview", above) is omitted so that no barrier layer 21 
is deposited, then the conventional selective CVD process employed in the first sub-step should be 
one which selectively favors deposition on the semiconductor layer 12 instead of the barrier layer 21. 
Different selective CVD processes are well known which are selective in favor of different 
semiconductors and barrier materials. 

4. Methods of Fabricating Protrusion in Cavity Wall 

The "Process Overview" section of this patent specification described a five step process for 
fabricadng a plug and interconnect according to the present invention. Step 2 of that process (Figure 
3B) is fabricating a cavity 30 whose mouth 34 has an inward protrusion 32. We now will describe 
various alternative methods for performing the aforesaid Step 2. 

Figure 5 illustrates one method of fabricating the protrusion 32. This method requires a 
modification to Step 1. Specifically, in Step I the dielectric 14 is deposited in two layers: a lower 
layer 46 havmg a relatively high etch rate and an upper layer 43 having a relatively low etch rate. 
During the subsequent Step 2 in which the cavity 30 etched, the slower etch rate of the upper layer 
will cause it to etch laterally less than the lower layer, thereby producing the desired protrusion a: the 
upper layer. 

One characteristic that affeccs etch rate is density. Specifically, one method of depositing 
lower and upper layers 46, 48 so that their etch rates are relatively high and low, respectively, is to 
deposit the two layers 46, 48 with different process parameters wluch cause the upper layer 48 to be 
denser than the lower layer 46. Dielectric CVD process parameters which are well known to affect 
the density of the deposited dielectric film include: RP power, chamber pressure, respective partial 
pressures of process reagents, argon bombardment, and dopants in the dielectric (either included in 
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the process gas mixture during deposition, or subsequently implanted in the dielectric film). 

Figure 6 illustrates an alternative method of performing Step 2, i.e., fabricating a cavity 30 
having a protrusion 32. In this alternative, the dielectric 14 is deposited in Step L as a single, 
uniform layer (Figure 3 A), but then the Step 2 etching (Figure 3B) is performed in two sub-steps. In 
the first sub-step, illustrated in Figure 6A, the top or "neck" portion 40 of the cavity 30 just below 
the cavity mouth 34 is etched using a conventional anisotropic etch process which minimizes lateral 
etching by depositing a passivation layer on the sidewall of the cavity 30 as the cavity is being 
etched. In the second sub-step, shown in Figure 6B, the remaining (lower) portion of the cavity is 
etched using a conventional etch process which is relatively isotropic and which deposits little or no 
passivation layer on the sidewall. During the second sub-step, the passivation layer previously 
deposited on the sidewall of [he cavity neck will continue to impede lateral etching, thereby creating 
the desired protrusion 32. 

The foregoing methods for performing Step 2 — i.e., for creating a cavity 30 having a 
protrusion 32 — are all subtractive, in that the protrusion is the dielectric material that remains after 
the remainder of the cavity 30 has been etched away. In contrast, Figure 7 illustrates an additive 
method of performing Step 2 as two sub-steps: first an etch sub-step, followed by a deposition sub- 
step. 

The first sub-step, shown in Figure 7A, is to etch a conventional via cavity 30 having vertical 
side walls with no protrusion using a conventional etch process. 

The second sub-step, shown in Figure 7B, is to deposit a convex-shaped layer or protrusion 
32 of etchant-resistant material on the side wall of the cavity neck 40 (i.e., on the upper portion of 
the side wail, just below the cavity mouth 34). 

When the material deposited as the convex layer or protrusion 32 is described as "etch 
resistant", we mean that the material is resistant to the etchant used in subsequent Step 5 to remove 
portions of the metal layer ltj to create interconnect lines 18. The choice of material depends on the 
etchant used in Step 5, which, in turn, depends on the type of metal deposited in Step 4. For 
example, suppose aluminum is deposited in Step 4, and the aluminum is etched in Step 5 by a 
conventional chlorine-containing etchant. In that case, suitable etchant-resistant materials would 
include titanium nitride, a titanium nitride layer deposited over a dtaniurn layer, tantalum, tantalum 
nitride, or a tantalum nitride layer deposited over a tantalum layer. 

Sputtering is a suitable process for depositing the protrusion 32 on the side wall of the cavity 
neck 40, because many sputtering processes tend to deposit material having an overhang at the 
cavity neck. In most applications, such overhang is undesirable and the sputtering process is 
designed to minimize the overhang. However, in the present invention, a controlled amount of 
overhang is useful to create the protrusion 32. 
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In our preferred embodiment of the invention, the protrusion 32 and the barrier 21 axe 
composed of the same material and are deposited simultaneously. This enables Step 2 (creating the 
protrusion 32) and Step 3 (depositing the barrier layer 2 1) to be performed as a single process step, 
advantageously reducing the total number of process steps. 

Tn our preferred process for fabricating aluminum plugs and interconnects on a silicon 
substrate 12, titanium nitride ls preferred as the material deposited to form both the protrusion 32 
and the barrier 21 . Titanium nitride is suitable to form the protrusion 32 because, as mentioned 
above, it resists etching by the chlorine-based etchants typically used to etch aluminum. Titanium 
nitride is widely used as a barrier to prevent diffusion of aluminum into underlying silicon, so it is 
also suitable to form the barrier 2 i . 

Performing Step 2 (creating the protrusion 32) and Seep 3 (depositing the barrier layer 2 1 ) as 
a single process step depends on balancing the deposition rates on the cavity neck and cavity bottom 
so that a protrusion 32 of suitable thickness is deposited at rhe same time as a barrier layer 21 of 
suitable thickness. If the ratio between the respective deposition rates on the cavity neck and cavity 
bottom is too high or too low, then the barrier 21 will be too thin or too thick when a suitably wide 
protrusion 32 is deposited. Furthermore, an excessive deposition rate on the cavity neck relative to 
the cavity bottom may grow the protrusion so feist as to block portions of the cavity bottom from 
coverage by the sputtered material. 

In sputter deposition, it is well known that the material being deposited arrives at the 
semiconductor substrate or workpiece with a distribution of trajectory angles. The ratio between the 
respective deposition rates on the cavity neck and cavity bottom Ls proportional to the proportion of 
the material arriving with trajectories substantially non-perpendicular to the workpiece. 

As stated earlier, our preferred material for the protrusion 32 and barrier 21 is titanium 
nitride. To achieve a suitable ratio between the deposition rates on the cavity neck and bottom, our 
presently preferred method for sputtering the titanium nitride is conventional ionized sputter 
deposition using a conventional ECR (electron cyclotron resonator) plasma source. We expect that 
non-ionized sputtering of titanium nitride would likely deposit too high a proportion of material on 
the cavity neck. Conversely, we expect that ionized sputter deposition using an inductive plasma 
source would likely deposit too high a proportion of material on the cavity bottom. 

The ratio between the deposition rates on the cavity neck and bottom is also increased by 
resputtering of material from the cavity bottom onto the cavity neck. In an ionized sputtering 
process, the resputtering rate can be increased (or decreased) by increasing (or decreasing) the 
negative DC bias voltage applied to the electrode which supports the workpiece. Therefore, 
adjusting the bias voltage is one method of adjusting the ratio between the width of the protrusion 
and the thickness of the barrier. We have observed that the resputtering rate is greater for ECR 
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ionized sputtering than tor inductively coupled plasma ionized sputtering of titanium nitride. 

The width of the protrusion 32 also will be increased in proportion to the amount of 
compressive stress in the deposited film. Sputter deposited titanium nitride films have high 
compressive stress which promotes bulging of the film at corners. The film stress is affected by the 
temperature of the substrate and the partial pressure of nitrogen gas in the sputter deposition 
chamber during the deposition process, These parameters can be adjusted to adjust the titanium 
nitride film stress, and thereby adjust the width of the protrusion 32. 

The deposition of etc h~ resistant material (e.g., TiN) to create the protrusion 32 also deposits a 
layer 52 of the etch-resistant material on the outer surface 38 of the dielectric 14. Therefore, the 
structure produced upon completion of process Step 2 is as shown in Figure 7B rather than Figure 
3B, where the layer 52 is the only difference between these two figures. The metal layer 16 (e.g., 
aluminum) subsequently deposited in process Seep 4 (Figure 3C) can be deposited directly over the 
layer 52 of etch-resistant material, creating the structure shown in Figure 7C. 

Next, in process Step 5, the metal layer 16 is patterned to produce the interconnect lines 1 8 
by any conventional patterning process, using an etchant which etches the metal layer 16 ata much 
higher rate than it etches the etch-resistant material 52. For example, if the mecai layer 16 is 
aluminum and the etch-resistant material 52 is titanium nitride, the metal layer may be patterned 
using an etchant containing chlorine, which etches aluminum much faster than titanium nitride. 
Typically, the steps in a metal patterning process are depositing photoresist over the metal layer 16, 
photo lithographically removing the photoresist from areas other than the desired locations of the 
interconnect lines 18, and then etching the portions of the metal layer which are not covered by 
photoresist. The result of Step 5 will be the structure shown in Figure 7D, in which a metal 
interconnect line 18 overlies and contacrs the metal plug 20. The portion 32 of the etch-resistant 
material which protrudes into the neck 40 of the plug 20 protects the plug from being etched during 
the metal patterning step, even if the interconnect line is over-etched or slightly misaligned. 

A shown in Figure 7D, the layer of etch-resistant material 52 remains on the outer surface 38 
of the dielectric 14 after the patterning step. This layer 52 can be removed by a subsequent etching 
step using an etchant which is substantially more active againsc the ecch-resistant material 52 than 
the metal 18, 20. In the example of an aluminum interconnect 18 and plug 20 and a titanium nitride 
etch-resistant layer 52, a suitable etchant for removing the etch-resistant layer would be any fluorine- 
containing etchant commonly used for semiconductor fabrication. Preferably, the etch process 
should have high vertical directionality (anisor.ropy), so that the exposed layer 52 is removed without 
laterally etching the portion 54 (see Figure 7E) of the proirusion 32 extending above the dielectric 
14. Suitable directionality can be achieved with a conventional plasma etch process using negative 
DC bias on the workpiece. Figure 7E shows the final structure after removal of die layer 52. 
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Throughout this patent specification, all references to "metal" materials are intended to 
include any other material which can be used as an electrical conductor, such as titanium nitride or 
doped semiconductor material. 
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Figure 1 is a sectional view of a conventional plug and iaterconnect line in an integrated 

circuit. 

Figure 2 A is a sectional view of a conventional "2ero overlap" interconnect line over a plug 
having a void. Figure 2B is a sectional view of a conventional interconnect line overlapping the 
dielectric surrounding a plug, where the plug has a void due to misalignment of the interconnect line 
relative to the plug. 

Figure 3 is a sectional view of a plug and interconnect line at successive stages of the 
fabrication process of the invention. 

Figure 4A is a sectional view of a plug fabricated by selective CVD. Figure 4B is a sectional 
view of conductor material subsequendy deposited over the surface of the integrated circuit. 

Figure 5 is a sectional view of a cavity having the protrusion of the invention fabricated by 
depositing lower and upper dielectric layers having high and iow etch rates, respectively, and then 
etching the cavity. 

Figure 6 is a sectional view of two stages of fabricating a cavity having the protrusion of the 
invention by means of an anisotropic etch step followed by an isotropic etch step. 

Figure 7 is a sectional view of a plug and interconnect line at successive stages of a 
fabrication process in which the protrusion at the mouth of the cavity is deposited by PVD. 
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1. Abstract 



. TTT. C,rcU " ' nCM " g a " ****** C ° ndUCtiVe " |U8 ha ™8 » »™,w neck, and a 
method of fabncating such plug and an overlying interconnect conductor. The plus is 

fabncared by creadng in the dielechic layer a cavity or via having an inwardlyextending 

aeeral prorrus.on near the mouth of the cavity. The overlying inject is creaEd J 

deposing a iaycr of conducive mated, and then etching the layer on two opposing sides 

o *. ph* Dunng etching of the layer, the protrusion prevents any etching of the mea 

Plug beyond the protrusion, thereby prevenhng the etching from crcaung voids in the p!ug 



2. Representative Drawing 
Fig. 3 
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